INTRODUCTION
Owing to the advent of synchrotron radiation facilities and high-power digital computers, there has been an explosive growth in the number of known protein structures. The three-dimensional structures of nearly 25 000 proteins and nucleic acids are currently available in the public-domain Protein Data Bank (PDB) (1) . In the post-structural-genomics era, given the wealth of information available in the PDB, predicting three-dimensional structure from an amino acid sequence is one of the crucial problems to be addressed in structural biology (2) . The three-dimensional structure dictates the function and the biological role of a protein molecule. It is frequently found that similar amino acid sequence repeats occur in several protein structures, and it is essential to know their location within the entire protein molecule. Sequence repeats within the polypeptide chain might suggest symmetries in structures (3). It is noteworthy that the location of a particular motif in a protein structure may give insights into the possible function (4), and one could fine-tune the three-dimensional structure by means of site-directed mutation experiments to incorporate the desired/required function. In light of the above, there is a need to see the location of a userdefined sequence motif or structural motif within the entire protein/nucleic acid molecule. Towards this end, a web-based software program has been developed to visualize a userdefined sequence motif from the three-dimensional structures available in the PDB and in a set of non-homologous protein structures (both 25% and 90% sequence identity).
METHODOLOGY
The PDB is currently maintained and run by the Research Collaboratory for Structural Bioinformatics (RCSB). The RCSB-PDB (1) file: pdb_seqres.txt (ftp://ftp.rcsb.org/pub/ pdb/derived_data/pdb_seqres.txt) contains the single-letter amino acid/nucleic acid sequence for all the proteins and nucleic acids whose three-dimensional structures are available in the PDB. Since the aim of the BSDD software is to show the three-dimensional structure of a user-defined region, the sequence information available in pdb_seqres.txt is inadequate. For example, in the case of PDB id code 1agw (pdb1agw. ent), the number of amino acid residues in the file is 310. However, in the PDB file, the residue numbering starts at 464. In addition, the PDB file does not have atomic coordinates for residues 486-490. In another example, PDB id code 1914 (pdb1914.ent), there are 232 amino acid residues (single polypeptide chain) available in the pdb_seqres.txt file. However, the three-dimensional atomic coordinates in the PDB file have three segments, namely, residues. The inserted residues have sequence numbers, e.g. 44A and 44B in the PDB file pbd 104'.ent and 60A and 60B in pdb1a0l.ent. In view of the above, a separate sequence database has been created by comparing the sequence information available in pdb_seqres.txt with the atomic coordinates present in the corresponding protein structure. In the same manner, separate derived databases have also been created for the nonhomologous protein structures (25% and 90% sequence identity). The non-homologous dataset was derived by Hobohm and Sander (5) .
The search engine is written in the PERL (CGI/PERL) programming language and it runs on our Intel-based Solaris Bioinformatics server (a 3.06 GHz Pentium IV processor, 1 GB of Random Access Memory). The front-end data input part of the tool is written in HTML and JavaScript, which allows userfriendly web forms. The facility is freely accessible without restriction for academic and research purposes over the World Wide Web at http://iris.physics.iisc.ernet.in/bsdd or http:// 144.16.71.2/bsdd.
UTILITIES AND PERSPECTIVES
The BSDD software offers the following three main utilities for user queries; (i) 'Explore', (ii) 'Search using' and (iii) 'Sequence matching'. The utility 'Explore' has two functions. The functions are 'PDB file' and 'Secondary structural elements''. Using the former function the user can see the header information or the complete content of the PDB file. The same option is also available in the software Structural Classification of Proteins, SCOP (6). However, the BSDD software displays the protein structure that is currently available in the PDB. The function 'Secondary structural elements' culls the user-specified PDB file and displays the information about the secondary structural elements (a-helix and b-sheet) available in the PDB file under the appropriate heading 'HELIX' or 'SHEET'. The output screen contains the amino acid residues involved in each of the secondary structural elements. The user can visualize the threedimensional structure of the individual secondary structural elements or the location of these within the entire molecule by clicking the button 'View in Rasmol'. The software is optimized for NETSCAPE Version 4.X. To use the RASMOL display, the user needs to install the software only on the first occasion (for instructions, see http://144.16.71.2/bsdd/rasmol.html). In addition, the user can save the three-dimensional atomic coordinates of a particular secondary structural element for further study.
To perform the options 'Explore' and 'Search using', the user needs to supply the four-letter PDB id code of the protein Figure 1 . Typical output for pattern matching using 'Sequences derived using the atomic coordinates' from the non-homologous (25% identity) sequence database. structure of interest. The second option, 'Search using', offers seven search facilities, based on (i) molecule name, (ii) PDB id code (four-character PDB identifier), (iii) author name, (iv) resolution, (v) unit cell constants, (vi) space group and (vii) source. These options are self-explanatory, and the user can perform the search without any difficulty. In the first four options, the search can be performed in (i) all the protein structures, (ii) the 25% and (iii) the 90% non-homologous protein structures.
Identical pattern and similar pattern searches are under the 'Sequence matching' option. As pointed out above, two sequence databases are employed for the search facility, namely, (i) sequence information available in pdb_seqres.txt and (ii) sequence information derived from the PDB atomic coordinates file. Users need to choose the latter option if they wish to see the three-dimensional structure of the query motif within the entire protein molecule. Most current search engines perform pattern matching only with the structures available in the PDB, but the BSDD software performs such as search in the non-homologous (25% and 90% sequence identity) protein structures too. At present there are 2063 (25% identity) and 6243 (90% identity) protein chains in the non-homologous category. Our software has several flexible options and can be used to extract the atomic coordinates of the given input string or any part of the protein/ nucleic acid structures. The results obtained from the search correspond to the most recent information available in the PDB.
A sample output of a typical sequence pattern search is shown in Figure 1 . The search pattern is taken from PROSITE (7) and corresponds to an important consensus pattern involved in the function of phospholipase A 2 . The pattern is CCXX HXXC (where C is cysteine, X is any amino acid and H is histidine). As can be seen in Figure 1 , there are only three hits that correspond to the consensus pattern of phospholipase A 2 . A RASMOL (8) window pops up (Figure 2 ) on clicking the 'View in Rasmol' link ( Figure 1 ). The RASMOL window has various options for the user to see the region of interest within the entire molecule (Figure 2) .
In summary, the software offers several utilities to the user community working in the area of structural biology and bioinformatics. Most importantly, the software allows the user to visualize the location of the query motif within the entire structure or any fragment of a particular motif of the entire molecule (protein/nucleic acid). The non-homologous sequence information (25% and 90%) will be updated as and when updated information is available from Hobohm and Sander's FTP site in Heidelberg, Germany. The atomic Figure 2 . A sample output frame for a consensus pattern search. The string CCXXHXXC is used for a pattern matching search. The search string is shown as a ribbon representation, while only the backbone trace is shown for the remaining part of the protein model. To visualize other regions, the user needs to change the residue number in the menu box provided at the bottom of the RASMOL window box.
coordinates and the single-letter protein/nucleic acid sequence information are updated every week from the RCSB-PDB, and hence the results produced by BSDD are up to date at any given time. The software will be improved in accordance with the progress of, and requests from, the scientific community around the world.
